A narrative summary of marine Pliocene deposits in these Alaskan regions is given below, supplemented by an Appendix beginning on page 15.
THE YAKATAGA FORMATION
Before delving into the details of the Yakataga Formation, it is important to recognize that southern Alaska, compared to adjacent North Pacific regions, has had a relatively cold climate since the early middle Miocene. Marine glaciation in the northeastern Gulf of Alaska began in the early middle Miocene (15-16 Ma), in response to the tectonically-induced rise of coastal mountains that are now up to 6,000 meters high Marincovich, in press ). Marine glaciation resulted in cooling of surface waters and development of a frigophilic marine biota throughout the Gulf of Alaska. As a result, marine mega-and microfaunas of this region reflected a climate that was colder than those to the south or north. This relationship must be kept in mind when reconstructing Pliocene climatic patterns that varied with latitude.
Megafossils
The Yakataga Formation, of early early Miocene to Holocene age based on its molluscan fauna, may locally exceed 5,000 meters in thickness . Summaries of Yakataga Formation stratigraphy and mega-and microfossil biostratigraphy are given by Addicott and others (1978) , Rau and others (1977 , 1983 . Based on the megafossil (principally molluscan) study of Addicott and others (1978) Addicott (1976) . However, the particular taxa used to identify the Moclipsian Stage in the Yakataga Formation were not cited by Addicott and others (1978) , so that their basis for a Pliocene age call is not clear. Addicott and others (1978) It is clear that the ages of the Yakataga Formation Pliocene sequences studied by Addicott and others (1978) are not precisely known. For example, in an earlier work based upon the same data set, Plafker and Addicott (1976, p. 22) Based on the megafossil literature cited above, the Pliocene interval of the Yakataga Formation is poorly understood: it has not been precisely dated (its age-diagnostic species have not been explicitly noted), it has not been clearly distinguished paleontologically from underlying Miocene strata, and it evidently is not overlain by Pleistocene strata. These factors indicate that a major effort would be required to faunally define and date the Yakataga Pliocene interval, and to relate these Pliocene faunas to those of adjacent North Pacific regions.
Paleomagnetic Stratigraphy
Fossiliferous strata in the upper part of the Yakataga Formation on Middleton Island ( Figure 2 ) were assigned entirely to the Pleistocene by Addicott and others (1978) , but these beds were considered to be of latest Pliocene and early Pleistocene age by Mankinen and Plafker (1987) , based on paleomagnetic evidence.
These authors stated that their sampled stratigraphic section spans the time interval from just prior to 2.14 Ma to sometime between 0.97 and 1.10 Ma. If true, the oldest part of the Yakataga Formation on Middleton Island would fall within the scope of the Pliocene climate study. For age control, Mankinen and Plafker (1987) refer to poorly constrained "Pliocene and Pleistocene" age inferences based upon mollusks (Plafker and Addicott, 1976) and benthic foraminifers (Rau and others, 1983) . Recent studies of the sedimentology of Yakataga sediments on Middleton Island Lagoe and others, 1989) note that the age range of these strata is not well documented, but could be Pliocene in part. The Middleton Island section is one that merits further study.
Microfossils
The comprehensive overview of Gulf of Alaska foraminifers (mostly benthic) by Rau and others (1983) differs significantly in its age assignments with the similar summary of megafossil data by Addicott and others (1978) . Both studies recognize fossiliferous
Pliocene intervals in the Chaix Hills, Kulthieth Mountain, La Perouse
Glacier and Samovar Hills stratigraphic sections ( Figure 2 ). However, Rau and others (1983) note the presence of overlying Pleistocene or "undifferentiated Pliocene and Pleistocene" beds in these four sections, whereas Addicott and others (1978) Rau and others (1983) . As with the megafossil Pliocene/microfossil Pleistocene controversy noted above, reaching a consensus on the stratigraphic lower limit of Pliocene faunas in the Yakataga Formation must necessarily be part of the Pliocene climate program.
It is noteworthy that microfossil-based dating of Yakataga sequences has relied almost entirely on benthic foraminifers. This has occurred because planktonic foraminifers are relatively uncommon in these largely inner shelf deposits, and because the microfossil workers involved were specialists in benthic foraminifers.
Even when age-diagnostic planktonic foraminifers are present in Yakataga sequences their importance has sometimes not been fully appreciated. For example, the lowermost part of the Yakataga Formation at the Yakataga Reef stratigraphic section is dated as middle Miocene based on mollusks (Allison, 1978; Marincovich, in press ) and contains the planktonic species Glob or ol alia mayeri and G.
siakensis (fide Lagoe, 1983 ) with last-appearance-datums (LADs) of 10.4 Ma. However, even the most recent study of foraminifers from this sequence (Lagoe, 1983 ) cites a benthic-based age of "latest Field geologists working in this region typically lose one-third of their field days to high winds or fog that make helicopter operations hazardous or impossible in the mountainous terrain. Helicopter pilots are entitled to one non-flying day every two weeks, so such days also are lost for field purposes. Tent camps are not desirable in this region due to weather conditions, so operations must be based in a town, the closest of which is Yakutat (Figure 2 ). Clothing for cold and rainy weather is mandatory, as is training in helicopter and firearms safety (the latter owing to the presence of large brown bears). One should keep in mind that one-third of the field days will be lost to poor weather. The high expenses of doing geologic work in this region means that scientific objectives must be carefully defined and prioritized before arriving in the field. Field work on Middleton
Island could probably be carried out from a tent camp, because the nearest town, Cordova, is about 150 kilometers away; for more on tent camps in this region, see the Tugidak Formation write-up, below.
THE TUGIDAK FORMATION

Mega-and Microfossils
The Tugidak Formation crops out mostly on Tugidak Island, one of the Trinity Islands that lie immediately south of Kodiak Island, and on adjacent Chirikof Island, in the western Gulf of Alaska.
( Figures 1 and 3) . The type section of the formation, on Tugidak
Island, is said to be about 1,500 meters thick (Moore, 1969) , although an unpublished stratigraphic section in U.S. Geological
Survey files shows a thickness of 637 meters for the same section.
The sediments are richly fossiliferous with well-preserved mollusks.
No attempt has been made to search for microfossils, to my knowledge. Mollusks from both Tugidak Island (MacNeil in Moore, 1969) and Chirikof Island (Addicott in Moore, 1969) were considered to be of Pliocene age. A more thorough, but still relatively brief, review of the mollusks by Allison (1978) 
Logistics
Tugidak and Chirikof Islands are said to be uninhabited, so a tent camp and helicopter would be necessary to collect these sections. Clothing for cold and rainy weather is mandatory, as is training in helicopter and firearms safety. The islands are said to lack bears, but wild bulls from a long-ago abandoned herd are said to be a problem. It might be possible to work out an arrangement with the U.S. Coast Guard in Kodiak to have them fly people and some supplies to and from Tugidak Island, in order to minimize field expenses.
Relatively few field days would be completely lost to poor weather, because walking would always be possible, at least on Tugidak Island, when the helicopter was grounded.
SEWARD PENINSULA DEPOSITS
The well-known series of late Cenozoic marine transgressions and regressions on the Seward Peninsula of western Alaska ( Figure   1 ) are extensively discussed by several workers in Hopkins (1967) .
At the time of Hopkins' book it seemed certain that these deposits included seven transgressions that were of late Pliocene through late Pleistocene age. However, ongoing work based on amino acid racemization rates in mollusks, ostracodes and benthic foraminifers has cast doubt on much of the previous dating, especially for the older transgressions. The number of transgressions is now uncertain, but probably is about six.
The "classic" series of marine transgressions at Nome contains relatively abundant mollusks in places. However, it has not been fully realized that many mollusk collections from these "classic" deposits came from mine tailings left by gold miners sifting and tunneling through the gold-bearing beach sands during the 1920s and earlier. A fossiliferous sand bed 10 meters below the ground surface was assumed by geologists to be older than a sand bed only 5 meters below ground, even though the two diggings could be a kilometer, or many kilometers, apart. The stratigraphy pieced together in this fashion was, and is, as much guess work as science.
Attempts to characterize and date these mining deposits by mollusks have been less than fully satisfactory due to the imprecise locality information. Another important factor to keep in mind is that these faunas have never been collected by paleontologists, but by geologists for whom the fossils were a secondary interest. For any future field work it would be necessary for paleontologists to collect at these sites rather than to rely on the efforts of other workers lacking the requisite professional skills.
Most western Alaskan late Cenozoic transgressive deposits are thought to be of Pleistocene age (Hopkins, 1967) , largely because all Miocene through Pliocene deposits of northernmost Japan and the Far-eastern U.S.S.R., and F. hallae is said to be (MacNeil, 1967) morphologically most similar to a "middle Pliocene" species in Japan.
The localities near Nome and at Kivalina are thought to belong to the Anvilian transgression and to be about 2.2 Ma old (D.M. Hopkins, personal communication, 1987) . This dating is based on K/Ar ages of basalts that overlie supposed Anvilian deposits in the Pribilof Islands (Figurel) (Hopkins, 1967; D.M. Hopkins, personal communication, 1987 
